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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, and particularly to a technique for making it
possible to detect an absolute pressure to be applied to an
object to be examined by an ultrasonic probe at the time of a
test such as a diagnosis by a tomographic image (B mode
image) or elastic information of a body tissue of an object, or
a bloodstream diagnosis by Doppler measurement or a color
flow mode (CFM).

BACKGROUND ART

[0002] Generally, an ultrasonic diagnostic apparatus is for
performing a diagnosis such that ultrasonic waves are trans-
mitted into a body of an object from an ultrasonic probe
(hereinafter, simply referred to as a probe), a reflected echo
signal of the ultrasonic waves which have been reflected from
the inside of the body is received by the probe, and an image
or the like which is suitable for the test of a tissue, a function,
or the like inside the body is created based on the received
reflected echo signal (RF signal).

[0003] In such an ultrasonic diagnostic apparatus, for the
test by a B mode image, it is preferable to obtain an image
with a high image quality by placing the probe on the object
with a relatively strong force, pressing and deforming the
body tissue so that the deep tissue can be closer to the probe,
and imaging the tissue since the ultrasonic waves attenuate in
the course of the propagation inside the body tissue. On the
other hand, in the bloodstream test such as the Doppler mea-
surement, the CFM, or the like, since it is not possible to
obtain correct information on the bloodstream because the
cross-section of the blood vessel is deformed when the probe
is placed on and pressed against the body tissue with an
excessively strong force, it is preferable to perform the test
with the pressurizing state which is gentler than that at the
time of the B mode diagnosis. In addition, since the body
tissue has a nonlinearity in which the hardness of the tissue
changes in accordance with the strength of the pressurizing
even in the test by elastography for creating an image of
elastic information regarding the hardness or the softness of
the body tissue, it is important to perform a diagnosis based
on an elasticity image obtained under a pressurizing state
with a constant absolute pressure.

[0004] Accordingly, it is preferable to measure and display
the absolute pressure applied to the body tissue in real time
since there is a concern that an appropriate prompt diagnosis
is hindered if the test proceeds in an inappropriate pressuriz-
ing state in various testing methods or when the testing
method is changed, for example.

[0005] In order to measure an actual pressure to be applied
to the body tissue of the object, that is, an absolute pressure to
be applied to the body tissue (hereinafter, simply referred to
as an absolute pressure), Patent Literature 1 discloses that the
distortion of an elastic coupler is obtained with the use of a
known displacement and distortion calculation based on a
pair of RF signal frame data, which was obtained at different
timings, and the obtained distortion is converted into the
absolute pressure with the use of a pre-set elastic modulus of
the elastic coupler.

[0006] Thus, according to the method of calculating the
pressure disclosed in Patent Literature 1, it is possible to
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obtain the elastic information on the hardness or the softness
of the body tissue by measuring the absolute pressure applied
to the object, for example.

Citation List
Patent Literature
[0007] PTL 1: JP-A-2005-66041

SUMMARY OF INVENTION
Problem to be Solved by the Invention

[0008] However, although it is basically possible to detect
the absolute pressure with high sensitivity and high accuracy
in the method of detecting the absolute pressure by the elastic
coupler according to Patent Literature 1, there is still room for
improvement as described below.

[0009] For example, when there is a part with irregular
contact, in which fine unevenness, an air layer, or the like is
interposed, due to a poor contact property between a contact
surface of the elastic coupler on the side of the object and a
body surface of the object, it is not possible to appropriately
detect the boundary with the body surface of the object, and
thereby it is not possible to appropriately detect the thickness
of the elastic coupler in some cases. In addition, since the
deformation in the contact part around the non-contact part
becomes larger when there is a part with irregular contact, it
is not possible to appropriately measure the distribution of the
absolute value if the deformation and the distortion at the
boundary part is measured and converted into the absolute
pressure.

[0010] Theobject to be achieved by the present invention is
to accurately perform the detection of the absolute pressure.
[0011] In addition to the above object, the object to be
achieved by the present invention is to simplify the operation
for detecting the absolute pressure with the use of an appro-
priate elastic coupler depending on the testing method or the
like and thereby to enhance usability.

Means for Solving the Problem

[0012] As the first aspect of the present invention, in an
ultrasonic diagnostic apparatus including an ultrasonic probe
for transmitting and receiving ultrasonic waves while being in
contact with an object, a transmitting unit for driving the
ultrasonic probe, areceiving unit for receiving and processing
an RF signal which is a reflected echo signal received by the
ultrasonic probe, and an image creating unit for creating an
ultrasonic image based on the RF signal output from the
receiving unit, a pressure calculating unit for obtaining the
pressure applied to the object based on the deformation of an
elastic coupler which has been attached to an ultrasonic wave
transmittet/receiver surface of the ultrasonic probe is pro-
vided, whereby the elastic coupler is formed to have at least
two layers, and the pressure calculating unit detects the posi-
tion of the boundary surface between the two layers, obtains
the positional change of the boundary surface based on the
detected position of the boundary surface and the initial posi-
tion of the boundary surface which has been obtained in
advance, and obtains absolute pressure based on the posi-
tional change and an elasticity property of the elastic coupler.
[0013] That is, the elastic coupler is formed to have at least
two layers with different ultrasonic wave reflectance proper-
ties by an elastic material having flexibility, and the boundary
surface between the layers with different ultrasonic wave
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reflectance properties is disposed between the attachment
surface which is attached to the ultrasonic wave transmitter/
receiver surface and the contact surface which is in contact
with the body surface of the object. The pressure calculating
unit is characterized by detecting the position of the boundary
surface in the thickness direction of the elastic coupler based
on the RE signal output from the receiving unit, obtaining the
positional change of the boundary surface based on the
detected position of the boundary surface and the initial posi-
tion of the boundary surface, which was obtained in advance,
and obtaining the absolute pressure applied to the object
based on the positional change and the pre-set elasticity prop-
erty of the elastic coupler.

[0014] Since the position of the boundary surface formed
inside the elastic coupler is detected, and the absolute pres-
sure is obtained based on the positional change, it is possible
to stably detect the boundary surface inside the elastic coupler
regardless of the contact property between the elastic coupler
and the body surface of the object as compared with the case
in which the boundary between the elastic coupler and the
body surface of the object is detected. Accordingly, it is
possible to accurately detect the absolute pressure. In addi-
tion, the initial position of the boundary surface in the initial
state in which no pressurizing force is applied to the elastic
coupler can be detected based on the RF signal output from a
receiving unit in the same manner as in the positional detec-
tion of the boundary surface in the pressurized state in which
the pressurizing force is applied.

[0015] Inaddition, in order to accurately perform the detec-
tion of the absolute pressure, in regard to the characteristic
configuration of the second aspect of the present invention,
although the elastic coupler is the same as that in the first
aspect, the configuration of the pressure calculating unit is
different from that in the first aspect. That is, the pressure
calculating unit is characterized by detecting the displace-
ment of the position of the boundary surface in the thickness
direction of the elastic coupler based on the pair of RF signal
frame data which was obtained at different timings and output
from the receiving unit, obtaining the distortion of the bound-
ary surface in the thickness direction based on the displace-
ment, and obtaining the absolute pressure applied to the
object based on the distortion in the thickness direction and
the pre-set elasticity property of the elastic coupler.

[0016] With such a configuration, it is possible to stably
detect the boundary surface inside the elastic coupler regard-
less of the contact property between the elastic coupler and
the body surface of the object, and thereby to accurately
detect the distortion of the boundary surface. Accordingly, it
is possible to accurately detect the absolute pressure based on
the relation between the distortion and the elasticity property.

[0017] Furthermore, in the second aspect, the pressure cal-
culating unit can sum up the distortions of the boundary
surface in the thickness direction from the initial state, in
which no pressure is applied to the elastic coupler, over the
passage of time and obtain the absolute pressure applied to the
object based on the summed-up value of the distortion and the
pre-set elasticity property of the elastic coupler. With such a
configuration, since the distortions of the boundary surface in
the thickness direction are summed up, itis possible to further
precisely detect the distortions of the boundary surface, and
thereby to further accurately detect the absolute pressure
based on the relation between the distortion summed-up value
and the elasticity property.
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[0018] In the first or second aspect, a configuration can be
made such that the elastic coupler is formed to have a thin
intermediate layer interposed between the boundary surfaces
of the two layers, and the ultrasonic wave reflectance property
of the intermediate layer is formed to be different from those
of the other two layers. In this case, the intermediate layer can
be extended in a direction perpendicular to the scanning
direction of the ultrasonic beam of the ultrasonic probe and be
configured by a plurality of linear ultrasonic wave reflection
bodies which are spaced from each other.

[0019] If the intermediate layer is provided in the elastic
coupler, the pressure calculating unit of the first aspect can be
configured so as to detect the position of the intermediate
layer in the thickness direction, obtain the positional change
of the intermediate layer based on the detected position of the
intermediate layer and the pre-set initial position of the inter-
mediate layer, and obtain the absolute pressure applied to the
object based on the positional change and the pre-set elastic-
ity property of the elastic coupler.

[0020] In addition, if the intermediate layer is provided in
the elastic coupler, the pressure calculating unit of the second
aspect can be configured so as to detect the displacement of
the position of the intermediate layer of the elastic coupler in
the thickness direction based on the pair of RF signal frame
data which was obtained at different timings and output from
the receiving unit, obtain the distortion of the intermediate
layer in the thickness direction based on the displacement,
and obtain the absolute pressure applied to the object based on
the distortion in the thickness direction and the pre-set elas-
ticity property of the elastic coupler. Moreover, the pressure
calculating unit of the second aspect can be configured so as
to sum up the distortions of the intermediate layer in the
thickness direction from the initial state in which no pressure
is applied to the elastic coupler over the passage of time and
obtain the absolute pressure applied to the object based on the
distortion summed-up value and the pre-set elasticity prop-
erty of the elastic coupler.

[0021] Furthermore, a configuration is possible in which
the elastic coupler is formed to have a two-layer structure, in
which the layer on the side of the contact surface which is in
contact with the body surface of the object is thinner and has
a stronger ultrasonic wave reflectance property. In addition,
the elastic coupler can be configured such that the ultrasonic
wave attenuation property is greater by mixing ultrasonic
scattering bodies into the elastic material.

[0022] On the other hand, in order to achieve the object of
simplifying the operation for detecting the absolute value
with the use of an appropriate elastic coupler depending on
the testing method or the like and enhancing usability, the
elastic coupler of the first or second aspect is configured such
that the position of the boundary surface between the two
layers in the thickness direction is made to be different
depending on the type of the elastic coupler and an identifi-
cation code is formed with which the type of the elastic
coupler can be identified with the RF signal. The pressure
calculating unit in this case can be configured so as to identify
the type of the elastic coupler by detecting the identification
code based on the RF signal or the RF signal frame data and
obtain the absolute pressure based on the elasticity property
which was set to correspond to the type of the elastic coupler.
[0023] With this configuration, it is possible to automati-
cally identify the type of the elastic coupler in the state, in
which the elastic coupler is attached to the ultrasonic probe,
by the pressure calculating unit when a plurality of elastic
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couplers with different elasticity properties are prepared, and
the elastic coupler is replaced with the one which is suitable
for the appropriate measurement of the absolute pressure in
accordance with the testing method, the depth of the site of
interest, or the like. Accordingly, it is possible to calculate the
absolute pressure in a manner matching with the elasticity
property of the type of the elastic coupler if the elasticity
property in accordance with the type of the elastic coupler is
stored in advance in the pressure calculating unit.

[0024] In addition, in regard to the identification code, the
position ofthe boundary surface between the two layers in the
thickness direction can be configured to differ. In such a case,
the pressure calculating unit can be configured to identify the
type of the elastic coupler based on the depth distribution
pattern of the RF signal in a coupler echo region based on the
RF signal or the RF signal frame data.

[0025] In addition, in regard to the identification code, a
configuration can be made such that the ultrasonic scattering
bodies are formed while being encoded and dispersed in at
least one of the scanning direction and the thickness direction
in the regions on the both sides of the elastic coupler in the
scanning direction. In such a case, the pressure calculating
unit can be configured to identify the type of the elastic
coupler from the pattern of the RF signal in the region on the
both sides of the elastic coupler based on the RF signal or the
RF signal frame data.

[0026] Here, the elasticity property set in the coupler data-
base can be at least one of an elastic modulus, a relation curve
between the deformation in the thickness direction and the
elastic modulus, a relation curve between the distortion in the
thickness direction and the elastic modulus, a relation curve
between the summed-up value of the deformation or the
distortion in the thickness direction and the elastic modulus,
and an elastic modulus correction coefficient with respect to
the deformation or the distortion in the thickness direction.

ADVANTAGEOUS EFFECTS OF INVENTION

[0027] According to the present invention, it is possible to
accurately detect the absolute pressure. In addition, the opera-
tion is simplified, and usability is enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG.11is a block configuration diagram of an ultra-
sonic diagnostic apparatus of embodiment of the present
invention.

[0029] FIG. 2 is a configuration diagram of an example of
an elastic coupler.

[0030] FIG. 3 is a configuration diagram of an example of
an attachment tool of the elastic coupler.

[0031] FIG. 4 is a block configuration diagram illustrating
a detailed configuration of a pressure calculating unit of the
embodiment.

[0032] FIG.5is a flow chart illustrating process steps of a
characteristic unit of the embodiment.

[0033] FIG. 6 is a diagram illustrating an ultrasonic image
of the elastic coupler shown in FIG. 2.

[0034] FIG. 7 is a diagram illustrating an example of a
pressurizing-state image.

[0035] FIG. 8 is a diagram illustrating another example of
the pressurizing-state image.

[0036] FIG. 9 is a configuration diagram of another
example of the elastic coupler and a diagram illustrating the
ultrasonic image of the elastic coupler.
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[0037] FIG. 10 is a configuration diagram of still another
example of the elastic coupler and a diagram illustrating the
ultrasonic image of the elastic coupler.

REFERENCE SIGNS LIST

[0038] 1: Probe

[0039] 2: Transmitting Circuit
[0040] 3: Receiving Circuit
[0041] 8: Switch Adder
[0042] 9: Image Display

[0043] 10: RF Signal Frame Data Selection Unit
[0044] 11: Displacement and Distortion Calculating unit
[0045] 12: Elasticity Modulus Calculating unit

[0046] 13: Elasticity Data Processing Unit

[0047] 20: Elastic Coupler

[0048] 30: Pressure Calculating unit

[0049] 31: Coupler ID Identification Unit

[0050] 32: Initialization Processing Unit

[0051] 33: Coupler Distortion Calculating unit

[0052] 34: Pressure converter

[0053] 35: Pressurizing-State Image Constructing Unit
[0054] 36: Coupler Database

MODES FOR CARRYING OUT THE INVENTION

[0055] Hereinafter, a description will be made of the
embodiments of the ultrasonic diagnostic apparatus accord-
ing to the present invention with reference to the drawings.
[0056] FIG. 1 shows a functional block configuration dia-
gram of an embodiment in which the present invention is
applied to an ultrasonic diagnostic apparatus for performing
the test based on elastic information.

[0057] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus of this embodiment is for obtaining a tomographic
image of a site as a diagnostic target of the object with the use
of ultrasonic waves and obtaining an elasticity image repre-
senting the hardness or the softness of the body tissue. As
shown in the same drawing, an ultrasonic probe (hereinafter,
simply referred to as a probe) 1 is electrically connected to a
transmitting circuit 2 and a receiving circuit 3. As is well
known, the probe 1 is a generation source of the ultrasonic
waves and is formed such that a plurality of oscillators for
receiving the waves of reflected echo are arranged in a strip
shape. Each oscillator generally has a function of converting
an ultrasonic signal of input pulse waves or continuous waves
into ultrasonic waves and emitting the ultrasonic waves and a
function of converting reflected echo emitted from the inside
of an object 100 into a reflected echo signal which is an
electric signal and outputting the reflected echo signal.
[0058] The transmitting circuit 2 is configured such thatthe
transmitting circuit 2 and the receiving circuit 3 are coopera-
tively controlled by an ultrasonic wave transmitting/receiving
control circuit 4. The ultrasonic wave transmitting/receiving
control circuit 4 is for controlling the timing at which the
ultrasonic waves are transmitted and received, controls the
transmitting circuit 2 to radiate an ultrasonic wave transmit-
ting beam suitable for the targeted ultrasound test from the
probe 1 into the object 100, and controls the receiving circuit
3toreceive a desired ultrasonic wave receiving beam from the
probe 1. The ultrasonic wave transmitting/receiving control
circuit 4 of this embodiment controls the transmitting circuit
2 and the receiving circuit 3 to scan the ultrasonic wave
transmitting beam along a cross-sectional plane so as to form
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the ultrasonic wave transmitting beam and the ultrasonic
wave receiving beam suitable for the measurement of a B
mode tomographic image.

[0059] The receiving circuit 3 amplifies the reflected echo
signal, which has been received by the probe 1, at a predeter-
mined gain. The reflected echo signals, the number of which
corresponds to the number of the amplified oscillators, are
input to an adder circuit 5. The adder circuit 5 adds the total of
the phases of the plurality of reflected echo signals which
have been amplified by the receiving circuit 3 and creates RF
signal frame data corresponding to the cross-sectional plane.
[0060] A signal processing unit 6 inputs the RF signal
frame data output from the adder circuit 5 and performs
various kinds of signal processing such as gain correction, log
correction, wave detection, contour enhancement, and filter
processing to create image data. A monochrome scan con-
verter 7 is configured to include cross-section scanning
means for obtaining the image data, which has been output
from the signal processing unit 6, in a sonic period and reads
the image data in a frequency based on the television scheme
for displaying this ultrasonic image and means for controlling
the system including, for example, an A/D converter for con-
verting the image data from the signal processing unit 6 into
a digital signal, a plurality of frame memories for storing the
image data which has been converted into a digital signal by
this A/D converter in a time series manner, a controller for
controlling these operations, and the like. The image data for
a B mode image, for example, in a time series manner, which
has been created by the monochrome scan converter 7 is
output to an image display 9 via a switch adder 8. The image
display 9 includes a D/A converter for converting the image
data output from the monochrome scan converter 7 into an
analog signal and a color television monitor for displaying the
analog video signal output from this D/A converter as an
image.

[0061] Next, a description will be made of the process for
creating an elasticity image and causing the image display 9
to display the elasticity image according to this embodiment.
Generally, the deformation of a body tissue due to a pressure
(stress) applied to the body tissue of the site as a diagnostic
target by pressurizing the object 100 with the probe 1 is used
in order to create the elasticity image. That is, a degree of the
deformation differs depending on the elasticity, which is the
hardness or the softness of the body tissue, even when the
same stress acts on the body tissue. Thus, the elasticity image,
with which a normal site and a site of disease can be identi-
fied, is created by performing the ultrasonic wave transmit-
ting/receiving with the probe 1 and obtaining the degree of the
deformation of the tissue with the use of the RF frame data
corresponding to a pair of B mode images at the time of
pressurizing the object 100 by the probe 1 with different
pressures.

[0062] In this embodiment, the RF signal frame data cre-
ated by the adder circuit 5 is input to an RF signal frame data
selection unit 10. The RF signal frame data selection unit 10
sequentially accumulates the RF signal frame data, which is
sequentially output from the adder circuit 5, in a frame
memory. Then, in response to a command from a control unit
which is not illustrated, the RF signal frame data selection
unit 10 selects, for example, the latest RF signal frame data
and one piece of RF signal frame data from among the plural
pieces of RF signal frame data in the past and outputs a pair of
RF signal frame data obtained at different timings to a dis-
placement and distortion calculating unit 11. In addition, the
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RF signals may be signals with forms of Tand Q signals which
have been subjected to code demodulation.

[0063] The displacement and distortion calculating unit 11
executes a one-dimensional or two-dimensional correlation
processing with respect to the pair of RF signal frame data
output from the RF signal frame data selection unit 10 and
calculates the displacement (or the displacement vector) of a
plurality of measurement points i and j which have been set
respectively in the scanning direction and in the depth direc-
tion of the ultrasonic beam of the RF signal frame data. The
calculated displacement data at the plurality of measurement
points is created as displacement frame data. In addition, as a
method of the displacement calculation, known methods
including a block matching method and a gradient method
canbe used as disclosed in Patent Literature 1, for example, in
addition to the correlation processing. The block matching
method is a method in which a marked block including a
plurality of pixels around a pixel at the marked measurement
point is set, the block with the image information closely
resembles that of the marked block is searched while moving
with respect to the frame before the displacement, and the
displacement is regarded as from the position of the block
which most closely resembles to the current position.

[0064] The displacement and distortion calculating unit 11
calculates the distortion of the respective measurement points
by spatially differentiating the displacement of the respective
measurement points with the use of the displacement frame
data as is already known. The distortion frame data is created
based on the distortion at the respective measurement points
which have been obtained by the calculation and output to an
elastic modulus calculating unit 12.

[0065] Furthermore, the elastic modulus calculating unit 12
calculates elastic modulus (for example, Young’s modulus) at
the respective measurement points by a known method based
on the distortion at the respective measurement points of the
input distortion frame data and based on the absolute pressure
(stress), which is given from a pressure calculating unit 30,
which will be described later, and which is acting on the
respective measurement points i and j. Elastic modulus frame
data is created based on the elastic modulus at the respective
measurement points obtained by the calculation and is output
to an elasticity data processing unit 13. The elasticity data
processing unit performs various kinds of image processing
such as smoothing processing in a frame, contrast optimiza-
tion processing, and smoothing processing in a time axis
direction between frames with respect to the elasticity frame
data of the elastic modulus or the distortion created by the
elastic modulus calculating unit 12 and outputs the processed
data to a color scan converter 14.

[0066] The color scan converter 14 creates elasticity image
data by adding color phase information of red, green, blue, or
the like to the pixel corresponding to the respective measure-
ment points based on the elasticity frame data output from the
elasticity data processing unit 13. For example, in the distor-
tion frame data output from the elasticity data processing unit
13, the pixel for which large distortion has been measured is
converted into ared code within the elasticity image data, and
on the other hand, the pixel for which small distortion has
been measured is converted into a blue code within the elas-
ticity image data. The elasticity image data is created by
adding color phase information to the respective pixels in the
case of the elastic modulus frame data as well. In addition, it
is also possible to add an illuminance level corresponding to
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the size of the distortion or the like with the use of the mono-
chrome scan converter instead of the color scan converter 14.

[0067] The elasticity image data created by the color scan
converter 14 is output to the switch adder 8. The switch adder
8 receives the monochrome tomographic image data output
from the monochrome scan converter 7 and the color elastic-
ity image data output from the color scan converter 14, adds
or shifts both the images in response to the input command,
and outputs the added or shifted images to the image display
9. Specifically, it is possible to cause the image display 9 to
switch and display only the monochrome tomographic image
data, only the color elasticity image data, or both the images
in an aligned manner. In addition, it is possible to switch the
output irhage in response to the input command, for example,
by allowing the image display 9 to perform the additive syn-
thesis on both pieces of image data, that is, to create half-
transparent overlapping images and to output and display the
obtained image.

[0068] Next, a description will be made of the detailed
configurations of an elastic coupler 20 and a pressure calcu-
lating unit 30, which are the characteristic units of this
embodiment.

[0069] FIG. 2 shows an example of the elastic coupler 20.
The elastic coupler 20 is formed in a plate shape from a
gel-like material which is an elastic material with flexibility
and is formed to have a brim portion 21 around one surface as
shown in the perspective view of FIG. 2(A). The gel-like
material forming the elastic coupler 20, in which an ultrasonic
attenuation is small similar to an acoustic combining mate-
rial, an acoustic lens material, and the like, and the sonic
speed and the acoustic impedance are close to those in the
body, and which has an excellent acoustic combining prop-
erty with the body, is preferable as described in Patent Litera-
ture 1. In addition, it is preferable to use a material which is
excellent in a shape retention property, flexibility, appropriate
elasticity, and a shape restoration property. Particularly, the
elastic coupler 20 of this example is formed to have two layers
20A and 20B with different ultrasonic wave reflectance prop-
erties as shown in the drawing, and a boundary surface 22
between those layers 20A and 20B is disposed between an
attachment surface which is attached to the ultrasonic wave
transmitter/receiver surface of the probe 1 and a contact sur-
face which is in contact with the body surface of the object
100.

[0070] In addition, it is preferable to use a material for the
elastic coupler 20 which does not generate a gap even when
the elastic coupler 20 comes in contact with a part with
unevenness such as a contact surface with the ultrasonic wave
transmitter/receiver surface and the body surface ofthe object
100 even in the case where the elastic coupler 20 is attached
to the ultrasonic wave transmitter/receiver surface of the
probe 1. That is, if a gap is generated between the ultrasonic
wave transmitter/receiver surface and the body surface, the
ultrasonic waves irradiated from the probe 1 are reflected at
the boundary of the air at the gap and becomes noise in the
ultrasonic image. For example, it is possible to use aqueous
gel (hydrogel) constituted by water and aqueous polymers
such as gelatin, agar, oil gel, acrylamide, or polyvinyl alcohol,
polyurethane, oil gel obtained by cross-linking and molding a
composition containing rubber and oily component, and rub-
ber obtained by molding and cross-linking a composition
containing rubber with a low molecular weight blended as
plasticizer into crude rubber.
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[0071] Theelastic coupler 20 formed in this manner is used
while being attached to an ultrasonic wave transmitter/re-
ceiver surface 24 of the probe 1 with an attachment tool 23.
That 1s, the attachment tool 23 is formed from resin or the like
to have a frame shape with a groove 25 formed so as to match
the brim portion 21 of the elastic coupler 20 as shown in FIG.
3(A). In addition, locking claws 26 for locking in the outer
peripheral portion of the ultrasonic wave transmitter/receiver
surface 24 are formed inside the frame body of the attachment
tool 23. Moreover, a pair of gripped pieces 27 is formed onthe
opposing long sides of the frame body, and the top surface is
formed with an opening 28 into which the elastic coupler 20
is inserted. In the thus formed attachment tool 23, the elastic
coupler 20 is inserted into the opening 28 from the bottom as
shown in FIG. 3(B), the brim portion 21 ofthe elastic coupler
20 is pushed into the groove 25 of the frame body, assembled
therein, and used while being attached to the ultrasonic wave
transmitter/receiver surface 24 of the probe 1. At this time,
jelly or the like is interposed between the contact surfaces of
the bottom surface of the elastic coupler 20 and the ultrasonic
wave transmitter/receiver surface 24 and attached to the ultra-
sonic wave transmitter/receiver surface 24 of the probe 1 so as
not to generate a gap therebetween, and the locking claws 26
are hooked to the outer periphery portion of the ultrasonic
wave transmitter/receiver surface 24 and firmly fixed.

[0072] The ultrasound test is performed while gripping a
gripped portions 1A of the probe 1 to which the elastic cou-
pler 20 has been attached in the above manner and placing the
exposure surface of the elastic coupler 20 on the body surface
of the object 100. In addition, as shown in FIG. 1, it is also
possible to cause an object pressurizing mechanism 18 to grip
the gripped portion 1A of the probe 1 and to apply the pres-
surizing force to the body surface of the object 100.

[0073] The pressure calculating unit 30 is configured to
have blocks shown in FIG. 4. That is, the pressure calculating
unit 30 is configured to have a coupler 1D identification unit
31, an initialization processing unit 32, a coupler distortion
calculating unit 33, a pressure converter 34, a pressurizing-
state image constructing unit 35, and a coupler database 36.

[0074] Although the elastic coupler 20 which is applied to
this embodiment has the same shape as that shown in FIG.
2(A), the elastic coupler 20 is used while an identification
code (ID)is given to the same type of the elastic coupler 20 by
causing the depth of the boundary surface 22 or the reflec-
tance properties of the layer 20A and 20B to be different for
each type of the elastic coupler 20 depending on the purpose
of use, in order to make it possible to automatically identify
the type of the elastic coupler 20.

[0075] Thecoupler ID identification unit31 receives the RF
signal frame data from the RF signal frame data selection unit
10, detects the existence of the boundary surface 22, and
detects that the elastic coupler 20 has been attached to the
probe. Moreover, the coupler ID identification unit 31 deter-
mines the depth distribution of the RF signal or the like within
the coupler echo region to detect the depth of the boundary
surface 22 and automatically identify the ID code of the
elastic coupler 20 with reference to the coupler database 36.
The identified ID code is output to the pressure converter 34.
In addition, the ID code is set to correspond to the depth of the
boundary surface 22 and the positional pattern in the depth
direction by input means, which is not illustrated, and the
elasticity property is further set to correspond to the ID code
in the coupler database 36.
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[0076] The initialization processing unit 32 detects that the
elastic coupler 20 is in the initial state with no pressure being
applied based on the intensity change in the RF signal of the
RF signal frame data and obtains an initial thickness of the
elastic coupler 20 based on the RF signal when the elastic
coupler 20 is in the initial state.

[0077] The coupler distortion calculating unit 33 detects
the position of the boundary surface 22 of the elastic coupler
20 in the thickness direction based on the RF signal frame
data, and detects the positional change of the boundary sur-
face 22 in the thickness direction, and obtains the displace-
ment and distortion of the boundary surface 22. The obtained
displacement or distortion is output to the pressure converter
33 along with the ID code.

[0078] The pressure converter 34 reads the elasticity prop-
erty corresponding to the input 1D code from the coupler
database 36 and converts the displacement or the distortion
input from the coupler distortion calculating unit 33 into the
absolute pressure based on the read elasticity property.
[0079] The pressurizing-state image construction unit 35
constructs the pressurizing-state image in order that the abso-
lute pressure output from the pressure converter 34 is dis-
played on the image display 9.

[0080] Hereinafter, a detailed description will be made of
the pressure calculation processing by a pressure calculating
unit 50 according to the embodiment with reference to the
flow chart shown in FIG. 5.

[S1: Activation of Ultrasonic Diagnostic Apparatus]

[0081] The ultrasonic diagnostic apparatus is manually
activated. The test mode is for a test by a B mode tomographic
image, for example.

[S2: Coupler Attachment and Detection]

[0082] The elastic coupler 20 is attached manually to the
ultrasonic wave transmitter/receiver surface 24 of the probe 1
as shown in FIG. 2(B). It is possible to automatically recog-
nize the detection of whether or not the elastic coupler 20 has
been attached by receiving the RF signal frame data by the
coupler ID identification unit 31 based on whether or not the
existence of the boundary surface 22 could be detected from
the intensity distribution or the like of the RF signal. In
addition, it is also applicable that the operator inputs to the
coupler ID identification unit 31 via input means, which is not
illustrated, the fact that the elastic coupler 20 has been
attached.

[S3: Identification of Coupler 1D]

[0083] The coupler ID identification unit 31 receives RF
signal frame data from the RF signal frame data selection unit
10, detects the existence of the boundary surface 22, then
detects the depth position of the boundary surface 22 by
determining the depth distribution of the RF signal or the like
within the coupler echo region, and automatically identifies
the ID code of the elastic coupler 20 with reference to the
coupler database 36. The identified ID code is output to the
pressure converter 34. FIG. 6 shows an example of a B mode
image 101 obtained by attaching the elastic coupler 20. As
shown in the drawing, echo image of the two layers 20A and
20B and the boundary surface 22 of the elastic coupler 20
appears in the upper part of the image. Accordingly, it is
possible to detect the position of the boundary surface 22 and
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automatically identify the ID code by detecting the positionin
the coupler echo region, at which the RF signal suddenly
changes.

[S4: Activation of Pressure Calculating Unit]

[0084] Thepressure calculating unit 30 is activated after the
coupler ID identification unit 31 detects the ID code of the
elastic coupler 20.

[S5: Creation of Initial State]

[0085] Although an initial position D(0) of the boundary
surface 22 of'the elastic coupler 20 in the depth direction can
be measured in advance, it is considered that the initial posi-
tion D(0) of the boundary surface 22 is reduced due to the
temporal change such as evaporation or the like of the liquid
component in the gel-like material which is a material of the
elastic coupler 20. For this reason, it is preferable to automati-
cally measure the initial position D(0) of the boundary surface
in the initial state every time the ultrasound test is performed
in order to accurately detect the absolute pressure.

[0086] In this embodiment, the initial state in which the
operator grips the probe 1 and holds it in the air can be
automatically recognized by the initialization processing unit
32 in order to automatically measure the initial position D(0)
of the boundary surface in the initial state with no pressure
being applied, in which the exposure surface of the elastic
coupler 20 is held in the air. This initial state with no pressure
being applied can be detected by the multiple echo signal
included in the RF signal. That is, the multiple echo is gen-
erated due to a sudden change of the acoustic impedance at
the boundary between the exposure surface of the acoustic
lens and the air or the boundary between the exposure surface
of the elastic coupler 20 and the air. For example, if the
ultrasonic beam for the B mode test is transmitted while the
probe 1 is held in the air in the state in which the elastic
coupler 20 is not attached to the probe 1, the RF signal
including the periodical multiple echo originated from the
acoustic lens (with the thickness of about 1 mm)is received in
the depth region which is close to the ultrasonic wave trans-
mitter/receiver surface. On the other hand, if the elastic cou-
pler 20 (with the thickness of about 5 to 10 mm, for example)
is attached, the multiple echo originated from the acoustic
lens disappears, and the multiple echo with a relatively long
frequency, which is originated from the elastic coupler 20, is
received. Thus, it is possible to automatically recognize that
the elastic coupler 20 is held in the initial state with no
pressure being applied by detecting the existence and the
frequency of the multiple echo.

[0087] Inaddition, itis possible to manually order the cou-
pler thickness calculating unit 32 from the input means,
which is not illustrated, to perform the automatic measure-
ment of the initial position D(0) of the boundary surface 22 in
the state where the operator grips the probe 1 and holds it in
the air instead of the automatic recognition of the initial state.

[S6: Execution of Initialization Processing]

[0088] The initialization processing unit 32 performs the
automatic measurement of the initial position D(0) of the
boundary surface when the initial state of the elastic coupler
20 is recognized or when the command is input.

[0089] Theinitialization processing unit 32 obtains an aver-
age value J of a coordinate j at which an intensity Qij of theRF
signal (or the illuminance) becomes greater or smaller than a
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pre-set threshold value Qthres for measurement points ij at a
coordinate i (i=0 to n) in the scanning direction of the ultra-
sonic beam, which is the alignment direction (long axis direc-
tion) of the oscillators of the probe 1 of the elastic coupler 20,
and at the coordinate j (j=0 to m) in the depth direction, and
sets the average value J as the initial position D(0) of the
boundary surface 22. In addition, since the coordinate J is a
concept of time from the point in time when the ultrasonic
waves are transmitted from the ultrasonic wave transmitter/
receiver surface to the point in time when the ultrasonic waves
reach the coordinate J and then returns to the ultrasonic wave
transmitter/receiver surface, the initial position D(0) of the
boundary surface of the elastic coupler 20 can be calculated
by D(0)=JxC/2 when the speed of sound within the elastic
coupler 20 is represented by C.

[0090] Inaddition, the initialization processing unit 32 can
receive the illuminance data or the signal intensity of the B
mode image output from the signal processing unit 6 instead
of the RF frame signal output from the RF signal selection
unit 10 and detect the initial position D(0) of the boundary
surface of the elastic coupler 20 by the same processing.
[0091] In other words, it is possible to detect the initial
position D(0) of the boundary surface by obtaining a time ti
(0) for which the intensity of the RF signal changes signifi-
cantly after the ultrasonic waves are transmitted from the
transmitting circuit 2 to the probe 1. Since ti(0) is the time for
the round trip of the ultrasonic waves which are reflected from
the boundary surface of the elastic coupler 20, it is possible to
obtain an initial position Di(0) of the boundary surface, which
is a one-dimensional distribution in the scanning direction, by
multiplying ti (0) by the speed of sound C and dividing the
obtained value by 2. In addition, it is also possible to obtain
Di(0) by obtaining a frequency (a frequency not less than the
threshold value) T of the multiple echo, in which the intensity
of the RF signal changes significantly, and multiplying the
half of the frequency T by the speed of sound C.

[0092] In addition, in regard to the initial position Di(0) of
the boundary surface 22 of the elastic coupler 20, it is possible
to obtain a two-dimensional distribution including the distri-
bution in the direction perpendicular to the scanning direc-
tion.

[S7: Measurement of Coupler Deformation (Distortion)]

[0093] The processing in S7 is processing by the coupler
distortion calculating unit 33. First, the coupler distortion
calculating unit 33 can detect that the elastic coupler 20 is in
the pressurized state based on the fact that the above-men-
tioned multiple echo due to the elastic coupler 20 disappears.

Method 1 for Coupler Deformation (Distortion) Measure-
ment

[0094] The coupler distortion calculating unit 33 detects
the depth position of the boundary surface 22 of the elastic
coupler 20 based on the RF signal at an arbitrary timing t
when the elastic coupler 20 is in the pressurized state and
obtains a boundary surface position distribution Di (t) in the
scanning direction in the pressurized state of the elastic cou-
pler 20. That is, the boundary surface position distribution Di
(1) in the scanning direction perpendicular to the ultrasonic
beam is obtained based on the speed of sound C and halfof a
time ti (t) from the point in time when the operator places the
probe 1 on the object 100 via the elastic coupler 20, applies
the pressurizing force, and transmits the ultrasonic waves in
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the pressurized state to the point in time when the intensity of
an RF signal Qi (t) changes significantly.

[0095] Subsequently, a boundary surface position change
distribution ADI(t) is obtained by the following formula (1)
and obtains a total distortion amount distribution Si(t) of the
boundary surface 22 of the elastic coupler 20 in the scanning
direction by the following formula (2).

ADI(t)=Di(0)-Di(0) M

Si(1y=ADi()/Di(0) @

Method 2 for Coupler Deformation (Distortion) Measure-
ment

[0096] Instead of above Method 1, the coupler distortion
calculating unit 33 can measure the distortion of the elastic
coupler 20 and obtain an absolute pressure Pi (t) based on this.
That is, the coupler distortion calculating unit 33 can obtain a
total distortion amount Sij(t) by obtaining the displacement of
the measurement point within the elastic coupler at the
respective measurement points in time based on an RF signal
frame data Q1j(0) of the coupler echo region in the initial state,
which is output from the RF signal frame data selection unit
10, and an RF signal frame data Qij(t) which is output from
the RF signal frame data selection unit 10 at an arbitrary
timing t in the pressurized state. Here, as described above, 1
represents the coordinate in the scanning direction of the
elastic coupler 20, and j represents the coordinate in the
thickness direction (depth direction) of the elastic coupler 20.
[0097] That is, the coupler distortion calculating unit 33
receives the RF signal Qij(t) ofthe coupler echo region, which
changes in real time in the pressurized state, and generates the
displacement frame data by obtaining the displacement at the
respective measurement points i and j by a known displace-
ment calculation method based on Qij(0) in the initial state
and Qij(t) at the arbitrary timing t. Then, the distortion frame
data constituted by the total distortion amount Sij(t) at the
measurement points i and j is obtained by spatially differen-
tiating the displacement frame data.

[0098] Then, an average value Si*(t) of the total distortion
amount Sij(t) is obtained for the entire range of the depth j of
the coupler echo region for each coordinate i in the same
scanning direction based on the total distortion amount Sij(t)
of the distortion frame data and evaluates the average value
Si*(t) as the total distortion amount Sij(t) at the coordinate
positioni in the ultrasonic wave scanning direction. Then, the
pressure converter 38 obtains the absolute pressure Pi(t) with
the use of the evaluated total distortion amount Sij(t).
[0099] According to this method, it is possible to simulta-
neously perform the distortion calculation of the body tissue
by the elasticity calculating unit 12 in FIG. 1 and the process-
ing for obtaining the absolute pressure Pi(t).

[0100] In the case of this method, since it is possible to
strengthen the intensity of the RF signal by dispersing and
mixing the ultrasonic scattering bodies in the elastic coupler
20, the accuracy in calculating the thickness or the distortion
is enhanced.

Method 3 for Coupler Deformation (Distortion) Measure-
ment

[0101] According to Method 3 for the coupler pressuriza-
tion evaluation, a pair of RF signal frame data, which was
obtained at different timings, is obtained from the RF signal
frame data selection unit 10 in a continuous manner at the
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respective measurement points in time from the initial state to
the pressurized state. Then, distortion changes ASjj (t-k), . ..
, ASij(t) at the measurement points i and j are obtained for all
the regions up to the boundary surface 22 of the elastic cou-
pler 20 every time the pair of RF signal frame data is obtained.
Thereafter, distortion change ASi, j(t) of a timing (t-1) and the
timing (t), for example, which are temporally adjacent to each
other, is obtained. Furthermore, distortion changes ASi, j(t-
k), ..., ASi, j(t) are sequentially summed up for the tempo-
rally continuous pair of RF signal frame data, and a distortion
change summed-up value ZASij(t) at the present point in time
is obtained. Then, 2ASij(t) at the measurement points i and j
is averaged in the direction of the coordinate j of the coupler
echo region to obtain a distortion change summed-up value
ZASi*(t) for the measurement point i is obtained.

[S8: Conversion Processing of Absolute Pressure]

[0102] The pressure converter 34 reads the elasticity prop-
erty (Young’ s modulus E, for example) corresponding to the
1D of the elastic coupler 20, which has been identified by the
coupler ID identification unit 31, from the coupler database
36 and converts the distortion Si(t) obtained by Method 1 with
the coupler distortion calculating unit 33 into an absolute
pressure distribution Pi (t) applied to the body tissue of the
object 100 by the following formula (3).

Pi()=Si(XE 3

[0103] The current absolute pressures distribution Pi(t)
obtained by the conversion is output to the elastic modulus
calculating unit 12 in FIG. 1. With this operation, the elastic
modulus calculating unit 12 obtains an elastic modulus (for
example, Young’s modulus) Eij(t) at the respective measure-
ment points 1 and j by the following formula (4) based on
distortion €ij(t) obtained for the respective measurement
points 1, j of the body tissue by the known calculation pro-
cessing as described above, and outputs the elastic modulus to
the elasticity data processing unit 13.

Eij(0)=Pi(t)/eij(t) @

[0104] The total distortion amount Sij(t) obtained based on
the average value Si*(t) in Method 2 by the coupler distortion
calculating unit 33 or the distortion change summed-up value
2ASi*(t)obtained by Method 3 is converted into the absolute
pressure distribution Pi(t) by the following formulae (5) and
(6). In addition, the pressure converter 34 may be integrally
formed with the coupler distortion calculating unit 33.

Pi(H=Si*(xE )

Pi()=EAS*({)xE (6)

[S9: Display Processing of Pressure Distribution]

[0105] The pressurizing-state image constructing unit 35
creates an image of the absolute pressure Pi(t) obtained by the
conversion processing of the absolute pressure in S8, prompts
the image display 9 to display the created image, and thereby
makes it possible for the operator to immediately determine
whether or not the pressurizing state is appropriate for the test
item in the same screen while executing the ultrasound test.
[0106] That is, the pressurizing-state image constructing
unit 38 constructs at least one image from among the numeri-
cal value display, the graph display of the temporal change,
the bar chart display, and the like from the absolute pressure
Pi(t), converts the image into color image data by the color
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scan converter 14, and display the converted image while
aligning or partially overlapping it with the ultrasonic image
displayed on the image display 9.

[0107] FIG. 7 shows an example in which the pressurizing-
state image is overlapped or aligned with the elasticity image.
In the drawing, an elasticity image 110 is displayed in the
center of the screen, and an elastic modulus E (kPa) and an
absolute pressure o (kPa) are displayed as numerical values in
a display window 111 near the rectangular site of interest
(ROD). In addition, a bar chart 112 is displayed in which the
absolute pressure o at present is an average value of the
absolute pressure Pi. Moreover, a graph 113 of the absolute
pressure distribution Pi in the scanning direction is displayed
in the upper part of the screen, and a graph 114 of the temporal
change in the average value of the absolute pressure Pi is
displayed in the lower part of the screen. Furthermore, a color
bar 115 of the elastic modulus E is displayed at the right edge
of the screen.

[0108] Accordingly, the operator can perform diagnosis
while evaluating the elasticity of the body tissue of the ROI
under an appropriate absolute pressure by observing the
image in FIG. 7. Particularly, it is possible to immediately
determine whether or not the pressurizing force is appropriate
by checking the bar chart 112 of the average value or the like
of the absolute pressure Pi.

[0109] FIG. 8 shows another example in which the pressur-
izing-state image is displayed while being overlapped or
aligned with the elasticity image. In the same drawing, the
elasticity image 110 is displayed in the center of the screen,
and the elastic modulus E (kPa) and the absolute pressure o
(kPa) are displayed in bar charts 116 and 117 near the rect-
angular site of interest (ROI). In addition, a bar chart 118
representing the average value of the thickness change ADi(t)
of the elastic coupler from the initial state s displayed. More-
over, the boundary between the elastic coupler and the object
is displayed by a plurality of dots 119 in the upper part of the
screen.

[0110] Tt is possible to easily identify whether or not the
pressurizing state is appropriate by changing the displaying
color of the boundary representing, for example, the ROI or
by turning on and off the display of the boundary when the
absolute pressure, which is the calculation result by the pres-
sure calculating unit 30, is compared with a reference pres-
sure range, which has been set to correspond to the test
method, and the absolute pressure exceeds the reference pres-
sure range.

[0111] As described above, according to this embodiment,
it is possible to accurately measure the absolute pressure
applied to the body tissue of the object 100 by the probe 1 in
real time in the test processing of the ordinary elasticity image
measurement.

[0112] In addition, since the ID code of the elastic coupler
can be read during the elasticity image measurement process-
ing, itis possible to automatically identify the elastic coupler
and accurately measure the absolute pressure in accordance
with the elasticity property of the elastic coupler even if
various different elastic couplers are arbitrarily replaced.
Therefore, it is possible to reduce the burden of the operator
and thereby to enhance usability.

[0113] Although the description was made of the example
of the ultrasonic diagnostic apparatus for creating and dis-
playing the elasticity image in this embodiment, the present
invention is not limited thereto and can be applied to an
ultrasonic diagnostic apparatus for performing tests such as a
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diagnosis by a tomographic image (B mode image) of the
body tissue of the object, and a bloodstream diagnosis by the
Doppler measurement or the color flow mode (CFM).
Accordingly, it is possible to accurately execute the evalua-
tion of the pressurized state suitable for various tests.

[0114] Here, a description will be made of another example
of the elastic coupler.

[0115] FIG.9(A) shows a perspective view of Example 2 of
the elastic coupler 20. It is possible to use the same attachment
tool as that shown in FIG. 3. As shown in FIG. 9(A), the
elastic coupler in Example 2 is different from the elastic
coupler 20 in Example 1 shown in FIG. 2(A) in that a thin
intermediate layer 20C is formed to be interposed between
the boundary surfaces of the two layers 20A and 20B with the
same ultrasonic wave reflectance properties. The ultrasonic
wave reflectance property of the intermediate layer 20C is
made to be different from those of the other two layers 20A
and 20B. In such a case, the reflection intensity of the inter-
mediate layer 20C may be higher or lower than those of the
other two layers 20A and 20B. An example of the B mode
image 101 in such a case will be shown in FIG. 9(B). As
shown in the same drawing, an echo image of the intermediate
layer 20C appears at the boundary between the two layers
20A and 20B of the elastic coupler 20 in the upper part of the
image.

[0116] Insuch a case, the coupler 1D identification unit 31
can identify the ID code of the elastic coupler based on the
distribution of the RF signal in the thickness direction in the
same manner as in Example 1. In addition, a configuration can
be made such that the coupler distortion calculating unit 33
obtains the positional change of the intermediate layer 20C in
the thickness direction, the distortion of the intermediate
layer 20C in the thickness direction, or the summed-up value
of the distortion, which is obtained by summing up the dis-
tortions of the intermediate layer 20C in the thickness direc-
tion over the passage of time from the initial state of the elastic
coupler with no pressure being applied and obtains the abso-
lute pressure applied to the object in the same manner as in
Example 1.

[0117] Moreover, FIG. 10(A) shows a perspective view of
Example 3 of the elastic coupler 20. It is possible to use the
same attachment tool as that shown in FIG. 3. The elastic
coupler of Example 3 is different from the elastic coupler 20
in Example 2 shown in FIG. 9(A) in that a plurality of linear
ultrasonic wave reflection bodies 20D are provided instead of
the intermediate layer 20C so as to extend in a direction
perpendicular to the scanning direction of the ultrasonic beam
of the probe 1 and be spaced from each other.

[0118] InExample?3 aswell, itis possible to identify the ID
code of the elastic coupler based on the position of the ultra-
sonic wave reflection bodies 20D in the depth direction and
detect the absolute pressure based on the positional change of
the ultrasonic wave reflection bodies 20D in the same manner
as in Example 2.

[0119] Moreover, although not shown in the drawing, a
configuration can be made such that the layer (20A in the
example shown in FIG. 2(A)) on the side of the contact
surface which is in contact with the body surface of the object
100 from among the layers 20A and 20B in Example 1 is
formed to be thinner and have a stronger ultrasonic wave
reflectance property.

[0120] Furthermore, the ID code is given in a manner such
that the ultrasonic scattering bodies are dispersed and mixed
entirely in the elastic coupler 20 and the dispersion densities
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of the scattering bodies are made to be different. As the
ultrasonic scattering bodies, it is possible to use a material
such as graphite powder or polyethylene powder which has a
different acoustic impedance from that of the material of the
elastic coupler 20.

[0121] Furthermore, it is also possible to give an ID code in
accordance with the type of the elastic coupler 20 by forming
a code region, in which the scattering bodies coded in the
scanning direction are dispersed, at least in one of the regions
in the both ends of the elastic coupler 20 in the scanning
direction, which are apart from the site of interest (ROI).
[0122] In addition, in any one of Examples 1 to 3 of the
elastic coupler 20, it is possible to increase the attenuation of
the ultrasonic waves by mixing the ultrasonic scattering bod-
ies in the whole of the elastic coupler 20.

[0123] Here, the principle of detecting the absolute pres-
sure according to the present invention is based on the fact
that the thickness of the elastic coupler 20 changes in corre-
lation with an applied pressurizing force (pressure) and that
the correlation depends on the elasticity property of the elas-
tic coupler 20. Thus, it is necessary to measure in advance the
elasticity property for each type of the elastic coupler 20 and
set the elasticity property corresponding to the ID code of the
elastic coupler 20 in the coupler database in order to obtain
the absolute pressure.

[0124] Here, in regard to the elasticity property set in the
coupler database, the elastic modulus E may be set to corre-
spond to the ID code when the deformation (distortion) of the
boundary surface or the intermediate layer in the thickness
direction has a linear shape with respect to the absolute pres-
sure or when the elastic modulus (for example, Young’s
modulus) of the elastic coupler 20 is constant (linear).
[0125] A relation curve between the deformation (distor-
tion) in the thickness direction and the absolute pressure or a
relation curve between the deformation (distortion) in the
thickness direction and the elastic modulus E is set when the
positional change of the boundary surface or the intermediate
layer in the thickness direction has a non-linear shape with
respect to the absolute pressure or when the elastic modulus E
has a non-linear shape with respect to the absolute pressure.
Alternatively, it is possible to set a relation curve between the
summed-up value of the deformations or the distortions in the
thickness direction and the elastic modulus, or an elastic
modulus correction coefficient with respect to the deforma-
tion (distortion) in the thickness direction.

[0126] As described above, according to this embodiment,
it is possible to accurately measure the absolute pressure
applied to the body tissue of the object 100 by the probe 1 in
real time inthe test processing of the ordinary elasticity image
measurement.

[0127] In addition, since the ID code of the elastic coupler
canbe read during the elasticity image measurement process-
ing, it is possible to automatically identify the elastic coupler
and accurately measure the absolute pressure in accordance
with the elasticity property of the elastic coupler even if
various different elastic couplers are arbitrarily replaced.
Therefore, it is possible to reduce the burden of the operator
and thereby to enhance usability.

[0128] Although the description was made of the example
of the ultrasonic diagnostic apparatus for creating and dis-
playing the elasticity image in this embodiment, the present
invention is not limited thereto and can be applied to an
ultrasonic diagnostic apparatus for performing tests such as a
diagnosis by a tomographic image (B mode image) of the
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body tissue of the object, and a bloodstream diagnosis by the
Doppler measurement or the color flow mode (CFM).
Accordingly, it is possible to accurately execute the evalua-
tion of the pressurizing state suitable for various tests.

1. An ultrasonic diagnostic apparatus including an ultra-
sonic probe for transmitting and receiving ultrasonic waves
while in contact with an object, a transmitting unit for driving
the ultrasonic probe, a receiving unit for receiving and pro-
cessing an RF signal which is a reflected echo signal received
by the ultrasonic probe, and an image creating unit for creat-
ing an ultrasonic image based on the RF signal output from
the receiving unit, comprising:

a pressure calculating unit for obtaining the pressure
applied to the object based on the deformation of an
elastic coupler which has been attached to an ultrasonic
wave transmitter/receiver surface of the ultrasonic probe
wherein the elastic coupler is formed to have at least two
layers, and

wherein the pressure calculating unit detects the position of
the boundary surface between the two layers, obtains the
positional change of the boundary surface based on the
detected position of the boundary surface and the initial
position of the boundary surface which has been
obtained in advance, and obtains absolute pressure
based on the positional change and an elasticity property
of the elastic coupler.

2. The ultrasonic diagnostic apparatus according to claim

1,

wherein the elastic coupler is formed to have at least two
layers with different ultrasonic wave reflectance proper-
ties, and the boundary surface between the layers with
different ultrasonic wave reflectance properties is dis-
posed between an attachment surface which is attached
to the ultrasonic wave transmitter/receiver surface and a
contact surface which is in contact with the body surface
of the object, and

wherein the pressure calculating unit detects the displace-
ment of the position of the boundary surface in the
thickness direction of the elastic coupler based on frame
data of a pair of RF signals which was obtained at dif-
ferent timings and output from the receiving unit,
obtains the distortion of the boundary surface in the
thickness direction based on the displacement, and
obtains the absolute pressure applied to the object based
on the distortion in the thickness direction and the pre-
set elasticity property of the elastic coupler.

3. The ultrasonic diagnostic apparatus according to claim

27

wherein the pressure calculating unit sums up the distor-
tions of the boundary surface over the passage of time
from the initial state of the elastic coupler with no pres-
sure being applied and obtains the absolute pressure
applied to the object based on a summed-up value of the
distortion and the pre-set elasticity property of the elas-
tic coupler.

4. The ultrasonic diagnostic apparatus according to claim

1,

wherein the elastic coupler is formed to have an interme-
diate layer interposed between the boundary surfaces
and an ultrasonic wave reflectance property of the intet-
mediate layer is formed to be different from those of the
other layers, and

wherein the pressure calculating unit detects the position of
the intermediate layer in a thickness direction, obtains
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the positional change of the intermediate layer based on
the detected position of the intermediate layer and the
initial position of the intermediate layer, which was
obtained in advance, and obtains the absolute pressure
applied to the object based on the positional change and
the pre-set elasticity property of the elastic coupler.
5. The ultrasonic diagnostic apparatus according to claim
23
wherein the elastic coupler is formed to have an interme-
diate layer interposed between the boundary surfaces
and an ultrasonic wave reflectance property of the inter-
mediate layer is formed to be different from those of the
other layers, and
wherein the pressure calculating unit detects the displace-
ment of the position of the intermediate layer of the
elastic coupler in the thickness direction based on the
pair of RF signal frame data which was obtained at
different timings and output from the receiving unit,
obtains the distortion of the intermediate layer in the
thickness direction based on the displacement, and
obtains the absolute pressure applied to the object based
on the distortion in the thickness direction and the pre-
set elasticity property of the elastic coupler.
6. The ultrasonic diagnostic apparatus according to claim
3,
wherein the elastic coupler is formed to have an interme-
diate layer interposed between the boundary surfaces
and an ultrasonic wave reflectance property of the inter-
mediate layer is formed to be different from those of the
other layers, and
wherein the pressure calculating unit sums up the distor-
tions of the intermediate layer in the thickness direction
over the passage of time from the initial state of the
elastic coupler with no pressure being applied and
obtains the absolute pressure applied to the object based
on the distortion summed-up value and the pre-set elas-
ticity property of the elastic coupler.
7. The ultrasonic diagnostic apparatus according to any
claim 4,
wherein the intermediate layer includes a plurality of linear
ultrasonic wave reflection bodies which extend in a
direction perpendicular to a scanning direction of the
ultrasonic beam of the ultrasonic probe and are spaced
from each other.
8. The ultrasonic diagnostic apparatus according to claim
1,
wherein a layer on the side of a contact surface which is in
contact with the body surface of the object is formed to
be thinner than a layer on the side of a contact surface
which is in contact with the ultrasonic wave transmitter/
receiver surface and to have a stronger ultrasonic wave
reflectance property.
9. The ultrasonic diagnostic apparatus according to claim
15
wherein the elastic coupler is formed by mixing ultrasonic
scattering bodies in an elastic material to make the ultra-
sonic wave attenuation property be greater.
10. The ultrasonic diagnostic apparatus according to claim
1,
wherein an identification code, with which the type of the
elastic coupler is identified by the RF signal, is formed
for the elastic coupler by making the position of the
boundary surface in the thickness direction be different
in accordance with the type of the elastic coupler, and
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wherein the pressure calculating unit identifies the type of
the elastic coupler by detecting the identification code
based on the RF signal or the RF signal frame data and
obtains the absolute pressure based on the elasticity
property which is set to correspond to the type of the
elastic coupler.
11. The ultrasonic diagnostic apparatus according to claim
10,
wherein the identification code is formed by making the
position of the boundary surface in the thickness direc-
tion be different, and
wherein the pressure calculating unit identifies the type of
the elastic coupler based on a depth distribution pattern
of the RF signal within a coupler echo region based on
the RF signal or RF signal frame data.
12. The ultrasonic diagnostic apparatus according to claim
10,
wherein the identification code is formed by encoding and
dispersing ultrasonic scattering bodies in at least one of
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the scanning direction and the thickness direction in the
regions of the both ends of the elastic coupler in the
scanning direction, and

wherein the pressure calculating unit identifies the type of
the elastic coupler based on an RF signal pattern in the
regions of the both ends of the elastic coupler based on
the RF signal or the RF signal frame data.

13. The ultrasonic diagnostic apparatus according to claim

15

wherein the elasticity property of the elastic coupler is at
least one of an elastic modulus, a relation curve between
the deformation in the thickness direction and the elastic
modulus, a relation curve between the distortion in the
thickness direction and the elastic modulus, a relation
curve between the summed-up value of the deformations
or the distortions in the thickness direction and the elas-
tic modulus, and an elastic modulus correction coeffi-
cient with respect to the deformation or the distortion in
the thickness direction.
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